Background: Observational evidence suggests there is an association between air 25
Introduction 52 53
Diabetes is one of the leading causes of death in lower-middle-income economies, 54
upper-middle-income economies, and high-income economies (World Health 55
Organization 2017). The global prevalence of diabetes has risen from 4.7% in 1980 56 to 8.5% in 2014, with the majority of cases being type 2 diabetes (World Health 57
Organization 2016). Experimental evidence in humans and animals suggests that it 58 is plausible that air pollution is a risk factor for type 2 diabetes (Rao et al. 2015) . 59
Exposure to the traffic-related air pollutant nitrogen dioxide (NO2) and the associated 60 particulate matter ≤ 2.5 μm (PM2.5) and ≤ 10.0 μm (PM10) pollutants is related to 61 inflammation and insulin resistance (Rao et al. 2015) , which are the hallmarks of 62 type 2 diabetes (DeFronzo 2010). Experimental evidence in humans suggests that 63 short-term exposure to low levels of PM2.5 increases systemic insulin resistance 64 (Brook et al. 2013) . Experimental evidence in mice suggests that oxidative stress in 65 the lungs may be an intermediate step between exposure to PM2.5 and systemic 66 insulin resistance (Haberzettl et al. 2016) . Observational evidence also suggests that 67 there is an association between air pollution and type 2 diabetes; however, there is a 68 high risk of bias (Eze et al. 2015) . 69
70
It is important to investigate the association between air pollution and type 2 diabetes 71 while reducing bias. Bias due to exposure assessment, bias due to outcome 72 assessment, and bias due to confounder assessment were addressed in the present 73 study in Leicester, Calculating How Air Pollution Impacts Our Society (The 74
CHAMPIONS Study). 75

Explanatory variables 110 111
The Department for Environment, Food & Rural Affairs (DEFRA) to air pollution in the present study was defined as the three-year average, including 119 the year in which the participant entered the study and the preceding two years. The 120 list of participants' postcodes was run through a script which binned each postcode 121 into a 1x1 km grid of the same size and shape as that used in the PCM model. thought that people will travel such a distance to access resources and be physically 154 active (Boruff et al. 2012; Dalton et al. 2013; Hurvitz and Moudon 2012 
Statistical analysis 167 168
The distributions of the air pollutants were considered using histograms (not shown). 169
The odds of type 2 diabetes were investigated using generalized estimating 170 equations, with pollutant concentrations expressed per 10 μg·m 3 . It has been argued 171 that models should include variables that are thought to be important from the 172 literature, whether or not they reach statistical significance in a particular data set 173 (Collins et al. 2011 ). The models in the present study included variables that Eze and 174
colleagues (2015) identified as potential confounders of the association between air 175 pollution and type 2 diabetes. Neighbourhood green space was also added because 176
we recently found that neighbourhood green space was inversely associated with7 screen-detected type 2 diabetes in Leicester (Bodicoat et al. 2014 ). Four models 178
were fitted for each air pollution measure. Model 1 was unadjusted. Model 2 was 179 adjusted for demographic factors, including ethnicity, sex, smoking (current or not), 180
and urban/rural location as categorical variables and for age and area of social 181 deprivation score as continuous variables. Model 3 was further adjusted for lifestyle 182 factors, BMI and physical activity (both continuous variables). Model 4 was adjusted 183 for the variables in Model 2 and Model 3 plus neighbourhood green space as a 184 continuous variable. Three interactions were investigated using a priori assumptions 185 about air pollution and type 2 diabetes (Bodicoat et al. 2014; Eze et al. 2015) : the 186 interaction between air pollution and socioeconomic status; the interaction between 187 air pollution and BMI; and the interaction between air pollution and neighbourhood 188 green space. Missing data were imputed in the primary analyses. Missing area of 189 social deprivation scores, BMI values, and physical activity values were imputed as 190 the mean value. Missing ethnic group, smoking status, and location were imputed as 191
the modal values in the study sample: white European, non-smoker, and urban, 192 respectively. A sensitivity analysis was performed using the complete case sample; 193 that is, missing data were not imputed. Another sensitivity analysis was performed 194 using one-year pollution averages; that is, the year in which the participant entered 195 the study. Statistical significance was set at 5% and all p values were two-sided. value, and 13 diabetes diagnoses were missing; therefore, the present study 206 included 10,443 participants. Table 1 shows participants' characteristics according to 207 study. The mean age was 59 years, 47% were female, and 18% were of South Asian 208 origin. Concentrations of NO2, PM2.5 and PM10 and percentages of neighbourhood 209 green space were similar in each of the three studies. The proportion with type 2 210 diabetes was 6.2% in ADDITION-Leicester, 10.9% in Let's Prevent, and 9.4% in 211
Walking Away, reflecting the high-risk nature of the two latter samples. 212 213 Table 2 shows the average level of air pollution according to participant 214 characteristics. Nitrogen dioxide, PM2.5 and PM10 concentrations differed according 215 to age, sex, ethnicity, urban or rural location, area social deprivation score, and 216 neighbourhood green space. Nitrogen dioxide concentrations also differed by 217 smoking status. There were inverse associations between green neighbourhood 218 space and NO2 (r = -0.84, p < 0.001), PM2.5 (r = -0.56, p < 0.001), and PM10 (r = -219 0.44, p < 0.001). Table 3 shows type 2 diabetes prevalence according to air pollution 220 quartiles. Type 2 diabetes prevalence was 5.97% in the lowest, 6.77% in the second, 221 8.91% in the third, and 10.37% in the highest NO2 quartile. Type 2 diabetes 222 prevalence also increased across PM2.5 and PM10 quartiles. 223
224
We investigated interactions between air pollution and socioeconomic status, air 225 pollution and BMI, and air pollution and neighbourhood green space. Thirty-three 226 interactions were investigated and there was little statistically significant evidence of 227 interaction (data not shown): there were only interactions between PM2.5 and green 228 space and between PM10 and green space in the unadjusted models. Therefore, we 229 could not justify adding interaction terms to the main analyses. The figure shows the 230 association between air pollution and type 2 diabetes using three-year air pollution9 averages. There was a statistically significant association between NO2 232 concentration and type 2 diabetes in the unadjusted analysis (model 1) (odds: 1.48; 233 95% confidence interval, CI: 1.32, 1.66). There was no statistically significant 234 association between NO2 concentration and type 2 diabetes after adjustment for 235 demographic factors (model 2) (odds: 1.08; 95% CI: 0.91,1.29). The odds for type 2 236 diabetes was 1.10 (95% CI: 0.92, 1.32) after further adjustment for lifestyle factors 237 (model 3) and 0.91 (95% CI: 0.72, 1.16) after yet further adjustment for 238 neighbourhood green space (model 4). There were also statistically significant 239 associations between PM2.5 concentration, PM10 concentration and type 2 diabetes 240 in the unadjusted models. These associations were also explained away by 241 demographic factors. Figure A1 in the appendix shows that the associations between 242 air pollution and type 2 diabetes was similar in the complete case analysis. Figure A2  243 in the appendix shows that the association between air pollution and type 2 diabetes 244 was similar using one-year air pollution averages. The present study has three major strengths that minimize reduce the risk of bias. 259 The use of such data might also be regarded as a limitation because the results are 283 generalizable to those who might enter screening studies, not the entire population. 284
285
In a meta-analysis including three cross-sectional studies and four prospective 286 studies published up to 3 February 2014, Eze and colleagues (2015) found that air 287 pollution was positively associated with type 2 diabetes risk. For example, NO2 and 288 PM2.5 were positively associated with type 2 diabetes after adjustment for age, sex, 289 BMI, smoking and socioeconomic status [1.08 (95% CI: 1.00 to 1.17) and 1.10 (95% 290 CI: 1.02 to 1.08) respectively, per 10 μg·m 3 increase in exposure] (Eze et al. 2015) . 291
The review of Eze and colleagues (2015) suggests that the present study is one of 292 the largest cross-sectional studies of air pollution and type 2 diabetes. Type 2 293 diabetes risk is higher in South Asians than whites (Hippisley-Cox et al. 2009), and, 294 to the best of our knowledge, this is the only study of air pollution and type 2 295 diabetes to include a substantial number of adults of South Asian ethnic origin. Park 296 and colleagues (2015) World Health Organisation (2014). Outdoor air pollution is thought to explain 40% of 308 ischaemic heart disease deaths, 40% of stroke deaths, 11% of chronic obstructive 309 pulmonary disease deaths, and 6% of lung cancer deaths (World Health 310
Organisation 2014). The association between air pollution and type 2 diabetes was 311 not statistically significant after adjustment for potential confounders in the present 312 cross-sectional study. Longitudinal studies are beginning to show that outdoor air 313 pollution is associated with diabetes-related morbidity (Eze et al. 2015) a P values test for a difference in the percentage of air pollution across the categories and were estimated using two sample t-test or one-way analysis of variance. *Low neighourhood green space defined as green space one standard deviation below the mean amount; medium neighbourhood green space defined as green space at the mean amount; high neighbourhood green space defined as green space one standard deviation above the mean amount. 
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